This study investigated the effect of natural priming and age on serum IgG and IgA subclass responses after parenteral trivalent influenza vaccination. Sera from 18 young children and 8 adults were collected at various times after vaccination. An ELISA was performed to quantify the concentrations of antibody subclasses. The children were divided into primed and unprimed groups based on the presence of prevaccination serum antibodies. In both children and adults, IgG1 and IgA1 were the predominant IgG and IgA subclasses detected after vaccination. No IgG2 responses were detected in sera of unprimed children, and the proportion of the IgG2 response was lower in primed children than in adults. This suggests that the IgG2 immune response in young children is dependent on previous priming and may mature later than the other IgG subclasses after parenteral influenza vaccination.
Influenza is a highly contagious virus that attacks the respiratory tract. IgG is the predominant serum immunoglobulin induced after influenza immunization or infection and is correlated with resistance to illness [1] . In humans, IgG is divided into four subclasses, IgG1, IgG2, IgG3, and IgG4, which constitute about 65%, 23%, 8%, and 4%, respectively, of the total serum IgG [2] . The four IgG subclasses differ in terms of structure, half-life, and function. In humans, IgG1 and IgG3 are the most important IgG subclasses in the complement-fixation reaction, antibody-dependent cellular cytotoxicity, and binding to phagocytic cells [3] . Previous studies have shown that the major subclasses of IgG detected after influenza infection or immunization are IgG1 and, to a lesser extent, IgG3 [4] [5] [6] [7] . However, these studies had conflicting results regarding the IgG2 response. Human IgA is divided into two subclasses, IgA1 and IgA2, which constitute about 85% and 15% of the total serum IgA, respectively. While IgA antibodies play the main role in protection at mucosal surfaces, their role in systemic immunity is not clear [2] .
Infants and young children are the major target for immunization programs, even though it has been claimed that their immune systems are not fully developed and may mature with age [2] . We previously examined the effect of natural influenza priming on the immune response to parenteral influenza vaccination in young children [8] . We found that natural influenza priming, and not age, was the major factor affecting the influenza-specific serum IgG and IgA antibody class maturation in young children. We therefore extended that study by investigating the effect of priming and age on the magnitude and distribution of the IgG and IgA subclass responses in sera from the same subjects.
Materials and Methods
Subjects. Details of this vaccine trial have been described elsewhere [8] . In brief, 18 young children (aged 2-3 years) and 8 adults (aged 24-45 years) scheduled for tonsillectomy were vaccinated intramuscularly with trivalent inactivated subunit influenza vaccine (Solvay-Duphar, Weesp, The Netherlands) in October 1995. Sera were collected before vaccination and at days 6-8, 12-20, and 28-42 after the first dose of vaccine. No sera were collected from the children after the second dose. None of the subjects were previously vaccinated against influenza.
Vaccine. The vaccine contained 15 mg of hemagglutinin per dose from each of the following strains: A/Johannesburg/33/94 (H3N2), A/Texas/36/91 (H1N1), and B/Harbin/7/94. The children received 2 half doses (28-42 days apart); the adults received 1 full dose.
ELISA. An indirect ELISA was performed to determine the influenza-specific IgG and IgA antibody subclass concentrations essentially as described elsewhere [9] . Anti-human IgG1, IgG2, IgG3, IgG4 (Sigma, St. Louis), and anti-human IgA1 and IgA2 antibodies (Binding Site, Birmingham, UK) were used as detector antibodies; purified IgG1, IgG2, IgG3, IgG4 (Sigma), IgA1, and IgA2 (Binding Site) were used as standards to calculate the antibody subclass concentrations.
Statistical analysis. The Mann-Whitney U rank test was per-formed using SPSS for Windows software (release 6.1; SPSS, Chicago).
Results
The children were divided into two groups, primed and unprimed, based on the presence of prevaccination serum antibodies to each strain [8] .
IgG subclasses. All of the IgG subclasses were detected in the prevaccination sera of adults and primed children but not in unprimed children (table 1). The mean antibody concentrations of all subclasses increased at days 6-8, peaking 12-42 days after vaccination in both adults and children, except for the IgG2 subclass, which was not detected in the unprimed children. The serum IgG response was dominated by the IgG1 response in both the children and the adults, representing 63%-97% of total influenza-specific IgG subclass response. Primed children mounted significantly higher IgG1 responses ( ) to the H3N2 and B strains than the adults and un-P ! .05 primed children throughout the study period. The adults had a significantly higher ( ) IgG1 response than the unpri-P ! .05 med children to the H1N1 and the B strains throughout the observation period and to H3N2 at days 0 and 28-42. IgG3 was the second most abundant antibody subclass detected in the children. In the adults, IgG3 was the second dominant subclass detected to the H1N1 strain throughout the study and to the H3N2 and the B strains up to days 6-8 after vaccination, when it was replaced by IgG2. While the primed children had significantly higher concentrations ( ) of IgG4 to H3N2 P ! .05 before vaccination and at days 28-42 than the unprimed children, the adults had significantly higher ( ) IgG4 on days P ! .05 28-42. The postvaccination IgG subclass distribution (shown by ascending order of magnitude as 1, 11, and 111) was as follows: IgG1 11 IgG2; in adults, IgG3 1 IgG4 (IgG3 1 IgG2 to the H1N1 strain) and IgG1 111 IgG3 1 IgG4; IgG2 in the primed children and IgG1 111 IgG3 1 IgG4 in the unprimed children.
IgA subclasses. Before immunization, influenza-specific IgA was detected in both adults and primed children, especially the IgA1 subclass, but no IgA was detected in the unprimed children (table 2). IgA1 was the predominant IgA subclass detected, and only small amounts of IgA2 were found. Generally, the adults and the primed children had significantly higher IgA1 levels ( ) than unprimed children during the study period. P ! .05 While the adults had higher IgA2 responses than unprimed children to H1N1 and B strains, primed children had a higher IgA2 response to the B strain.
Discussion
In our previous study, we investigated the humoral immune response after parenteral influenza vaccination in young children and adults [8] . We showed that natural priming was the major factor affecting the magnitude and the distribution of the antibody class responses in these subjects. In the current study, we assessed the effect of priming and age on the magnitude and the distribution of serum IgG and IgA subclass responses in these subjects.
IgG subclass response. We found that the magnitude of all the IgG subclass responses was dependent on priming and not on age. However, both age and priming affected the distribution (the proportion) of the IgG subclass responses.
It was clear that influenza vaccination induced predominantly the IgG1 subclass in all subjects regardless of priming status or age, which agrees with previous reports [4] [5] [6] [7] . Of interest, we found that natural priming was essential to elicit the IgG2 subclass response, since no IgG2 was detected in the unprimed children. In addition, while IgG2 constituted ∼2% of the IgG antibody response in the primed children, it comprised у13% in the adults. Immunization increased the proportion of the IgG2 subclass in adults to the H3N2 and B strains by 2-to 6-fold. In contrast, in the primed children, the proportion of the IgG2 response remained constant (1%-2%) throughout the study period. However, the concentrations of IgG2 to the three strains increased in both adults and primed children after vaccination (table 1) .
Garcon et al. [4] found that IgG2 was the third most abundant antibody subclass detected in sera from young children who had been vaccinated using live attenuated or inactivated influenza vaccines. IgG2 was the second most common subclass (after IgG1) of the total IgG subclasses detected in sera from subjects with acute influenza infection (subject ages not mentioned) [6] . Another study [7] reported no detectable IgG2 in both young and elderly adults after influenza vaccination. This controversy may reflect differences in methodology, subject ages, vaccine composition, and time of serum sampling. Previous studies [10, 11] suggested that the IgG2 response to Streptococcus pneumonia matures later than that of other IgG subclasses in children and that this maturation is age dependent. The high proportion of IgG2 observed in the adults suggests that repeated encounters with influenza virus may also play a role in the maturation of the IgG2 subclass response. In addition to priming, it appears that the age and/or the number of subsequent natural influenza episodes may affect the IgG2 response after influenza vaccination. Persons with an IgG2 deficiency have repeated upper respiratory tract bacterial infections [12] . While IgG2 is the second most abundant (23%) IgG subclass in human serum and may play an important role in immunity to bacterial polysaccharide antigens, its contribution in immunity to influenza is unknown. One may speculate that the late maturation of the IgG2 response in young children is a general phenomenon irrespective of the nature of antigen. It is believed that cytokines secreted by T helper cells play an important role in antibody class and subclass switching [13] . Further studies are needed to test whether the difference in the IgG2 subclass distribution between adults and young children is associated with different cytokine profiles after influenza vaccination.
IgG3 was the second most abundant antibody subclass detected in children in the present study, but in adults IgG3 was the second most prevalent subclass to the H1N1 strain throughout the study and to the H3N2 and B strains up to days 6-8 after vaccination. IgG4 constituted ∼1% of the IgG antibody response, and this proportion remained stable throughout the study period and is in agreement with findings by others [4] .
IgA subclass response. In general, the adults and the primed children had higher IgA1 and IgA2 concentrations than the unprimed children, but no significant difference was found in the IgA subclass proportions among the three groups. The IgA response was dominated by the IgA1 subclass, as reported elsewhere [14] . This may indicate that while the magnitude of IgA1 and IgA2 responses was dependent on priming, neither age nor priming influenced their relative proportion. Cox et al. [15] showed that influenza-specific IgA1 antibody-secreting cells were the predominant IgA subclass detected in the peripheral blood after parenteral influenza immunization. While the biologic role of IgA at the mucosal surfaces is evident, there is uncertainty about its function in systemic immunity [2] .
The strong immune response generally observed in primed children indicates recent priming with viruses homologous or closely related to the vaccine strains. On the other hand, the adults had a moderate immune response related to the antigenic differences between the vaccine strains and the strains previously encountered. We did not find any differences in subclass responses between older and younger children. It remains to be seen whether there are differences between the effect of natural priming and vaccine priming in this respect.
In our study, we found that the magnitude of the IgG and IgA subclass responses after parenteral influenza vaccination was dependent on natural priming and not on age. However, the proportion of the IgG2 was higher in adults than in children (regardless of priming status). On the basis of our findings and those of prior studies, we suggest that the IgG2 response may develop later than the other IgG subclasses in young children, which could have general relevance for childhood immunization.
